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INTRODUCTION

The relatively recent addition of the "dioxin-like" PCB congeners to the assessment of
risk associated with the 2,3,7,8-chlorine substituted dioxins and furans has dramatically
increased the number of laboratories worldwide that are developing analytical procedures for
their detection and quantification. Most of these procedures are based on established sample
preparation and analytical techniques employing High Resolution Gas Chromatography High
Resolution Mass Spectroscopy (HRGC/HRMS) used for the analyses of dioxin/furans at low
parts-per-trillion (ppt) levels. A significant and widespread problem that arises when using these
sample preparation procedures for the analysis of coplanar PCBs is that the method blanks
contain various levels of these PCB congeners. This contamination is due to the global
distribution of these compounds via the atmosphere resulting in ubiquitous air contamination.”
Reliable procedures were developed to accurately define these background levels and assess
their variability over the course of the study. The background subtraction procedures developed
and employed ensure that the values reported accurately represent the levels found in the
samples and were not biased due to contamination.

INTRODUCTION

The U.S. EPA Dioxin Reassessment Program has recently required that the dioxin-like
PCB congeners be added to the list of 2,3,7,8-chlorine substituted dioxins and furans when
considering the total toxic equivalent (TEQ) resulting from the various congeners.

As part of the U. S. EPA's Program to measure these dioxin-like congeners in various
food items, beef fat samples originally collected as part of a statistically designed national survey
to determine the levels of dioxins and furans were re-analyzed for the following dioxin-like
coplanar PCBs: 77, 126, 169, 105, 118, 156 and 157.

During the method development phase of the study, we were confounded at finding the
congeners in our method blanks at concentrations that prevented the analysis of samples at the
desired low ppt levels. The relative distribution of these congeners in our method blanks
reflected that found in the various PCB commercial mixtures® and is consistent with the amounts
and relative distribution found by other investigators.™
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After repeated efforts at modifying the analytical procedue failed to sufficiently reduce
the background, we moved the sample preparation activities into a mobile lab trailer isolated
from the main building. The trailer was equipped with a five ton air conditioner and the air was
filtered through several layers of activated charcoal. The air flow was sustained at a level that
resulted in the trailer maintaining positive pressure, thereby substantially reducing any inflow of

unfiltered air.

These efforts resulted not only in a reduction in the actual concentration of these
congeners but also a decrease in the variability associated with the various PCB congeners in our
method blanks The results are shown in Table 1.

Table 1. Concentrations of PCBs (pg/pl) in Method Blanks Before and After the
Introduction of an Air Filtration System.
PCB PCB77 |PCB118 {PCB 105 [PCB 126 | PCB 156 | PCB 157 | PCB 169
Congener
BEFORE (N-14)
Average 3.7 79 54 0.33 26 5.6 N/D*
StdDev 1.8 53 37 0.18 28 6.0 -
%RSD 50 68 68 53 106 107 -
AFTER (N=18)
Average 1.4 35 15 0.07 4.0 08 N/D*
StdDev 0.4 14 6.0 0.02 2 0.4 -
%RSD 31 41 41 27 49 51 -

* Not detected in method blanks

ANALYTICAL METHODS

During the course of this ten-week study period to deternine the concentration of the
PCB congeners in beef fat samples, sixteen method blanks were generated. Sample sets
consisted of 12 possible sample positions including one or two method blanks, one control
matrix, one laboratory control matrix fortified with the native congeners, and eight or nine field

samples.

The analytical and QA/QC methods employed were simifar to those described in U. S.
EPA Method 1613 with modifications® .

Briefly, a 10g sub-sample taken from a 100g homegenzte of beef fat was fortified at
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10 ppt with P’C labeled surrogates and extracted with methylene chloride using a tissue
homogenizer. The lipid was removed by stirring the crude extract with acid-impregnated silica
gel and passing the extract through an acid/base silica gel column.

The coplanar PCBs were separated from the other non-target PCBs and from the dioxins
and furans using graphitized carbon columns consisting of a 95/5 mixture of Biosil A (100/200
mesh) and AMOCO PX-21 carbon. The separations were achieved using the following elution
procedure: 5 ml of 25/75 methylene chloride/hexane (this fraction contains the non-planar PCBs
and was discarded), 5 ml methylene chloride (this fraction contains the mono and di-ortho PCBs
105, 118, 156, and 157); 14 ml 75/25 benzene/methylene chloride (this fraction contains non-
ortho PCBs 77, 126 and 169). The column can now be reversed and the dioxin/furans eluted
with 14 ml of toluene.

The two fractions containing the coplanar PCBs were combined and reduced in volume,
fortified with "C internal standards and further reduced to a 20 pl final volume. One pl was
analyzed using a 60 meter DBS-MS column by HRGC/HRMS. The KRATOS Concept® mass
spectrometer was operated in the mass drift correction mode and the native analyte
concentrations were determined by isotope dilution.

RESULTS AND DISCUSSION

Background contamination is an important consideration when analyzing samples for
compounds at the ppt level that are also ubiquitously distributed in the environment. In fact,
background contamination will define the lower limit of detection if it cannot be eliminated. In
cases where background contamination is routinely present, the central issue to be resolved is the
level of background that can be reliably determined to be "real” (i.e., contributed from the
sample matrix). To define the level of background contamination and its variability over the
course of a study, one must retrospectively examine the method blanks.

Table 2. Concentrations of the PCBs (pg/ul) in Method Blanks (N=16)

PCB Congener | Mean StdDev %RSD Meantl1 sig. | Mean+2 sig.
77 1.39 0.44 314 1.83 2.26

118 337 13.8 409 47.5 61.3

105 15.6 6.49 41.6 221 28.6

126 0.07 0.02 30.7 0.09 0.11

156 3.86 1.91 495 577 7.68

157 0.78 0.41 516 1.18 1.59

169 - - - - -
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The results from the analysis of the method blanks are saown in Table 2 along with the
mean and standard deviation for each congener. Also included in the table is the mean + 1
standard deviation (sigma) and the mean + 2 sigma for each congener. The values shown for
PCB 126, in most cases, represents chemical interference at the retention time of PCB 126.
Isotope and S/N ratios were insufficient for a positive identification but a value was generated
since it would contribute to the total amount of PCB 126 when analyzing samples.

After examining the blanks, we decided to subtract from each sample the mean value plus
20 for each congener. The resulting value was greater than 9% (17/18) of the method blanks
for each congener and, in most cases, was greater than all the method blanks.

No value for an analyte was reported until the amount r:maining after background
subtraction exceeded 1 standard deviation unit of the mean of the blank values for that particular
congener.

This method of background determination and subtraction is quite conservative and
increases the possibility of false negatives for values close to the detection limits. It also tends to
increase the method's limits of detection and quantitation ( LOLVLOQ). However, it also
increases the confidence associated with values near the LOD aad minimizes the likelihood of
false positives.

These procedures resulted in the following LOD/LOQ above background (values are
lipid adjusted in ppt): PCB 77, 1.0/1.0; PCB 118, 30/30; PCB 105, 15/15; PCB 126, 0.4/0.4,
PCB 156, 14/14; PCB 157, 1.0/1.0; PCB 169, 0.2/0.3

The procedures used to determine the amounts and variability of background
contamination are of increasing importance as detection limits continue to be reduced.
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